Introduction
The Virtual Screening (VS) methods are useful to perform in silico search of lead compounds in large data base. This methodology selects the compounds with the best interaction energies for performing biological assays. Considering the natural products are a major source of lead compounds, VS applied to them have great possibilities for the development of a new drugs 1, 2 . In general, the first step in the development of a new drug is understanding of the molecular target of interest. The Our Own Molecular Targets (OOMT) is a bank of proteins containing selected molecular targets for cancer, malaria and dengue 3 . In this context, VS was carried out on natural compounds against molecular targets on OOMT for the identification of hits for diseases that require new therapeutic alternatives.
Methods
The Brazilian natural compounds database was obtained from ZINC platform 4 , which consist of 473 compounds deposited by State University of Feira de Santana. These compounds were selected for VS methodology applied on OOMT. The geometry of the compounds were optimized through the universal force field 5 (UFF) implemented in the Gaussian 09W 6 software. Next, docking calculation was performed against 36 receptors deposited on OOMT. The AutoDock Vina 7 software was used for docking simulation. The effectiveness of AutoDock Vina program and the affinity of the compounds were evaluated using the redocking methodology 8 . The intermolecular interactions were described by Discovery Studio 9 software. The resultant binding energy of each natural compounds obtained from docking step was divided by the crystallographic binding energy generating ᵹ values (Equation 1). Natural compounds with ᵹ value equal or bigger than one will be sent for further biological assay 10 Then, drug-likeness property was calculated in DataWarrior 11 program to select compounds with better pharmacokinetic properties 12 . Following, the previous Autodock Vina results were refinement by free energy calculations using Dock6 software. Hence, the natural compounds selected by the delta value and by the druglikeness were submitted to the calculation of molecular docking, energy minimization and molecular dynamics (MD) using Dock6 13 program. The system was minimized at 5000 cycles, and then 30000 MD steps were run at 310 K, followed by a further 5000 cycles of minimization. These calculations were run for protein, the ligand and for the complex respectively. In this study were selected the three most promising ligands to describe the binding energy and intermolecular interactions.
Results and Discussion
As a result of docking simulation among 473 ligands against 36 molecular targets generated 17028 complex ligand-receptor. The delta values showed the most of the natural compounds had a better binding energy than crystallographic ligand for various OOMT proteins. This allowed to identify the best molecular targets for this study. The highest δ values obtained were the molecular targets with PDB code: 1W6M, 2QHN and 3JYA. The 1W6M, 2QHN and 3JYA receptors are involved in cancer process. Figure 1 shows the tertiary structure of molecular targets complexed with docked ligands. As can be seen, the ligands ZINC69482333, ZINC01721695 and ZINC01557254 were able to binding to 1W6M, 2QHN and 3JYA, respectively.
In this study all molecular targets selected have involved in the cancer process. The 1W6M protein is involved in the regulation of cell migration. It has been associated with tumor malignancy. The possibility of the development of an inhibitor for this molecular target would result in inhibition of tumor migration 14 . The 2QHN receptor, known as checkpoint kinase Chk1, performs the verification of the DNA and cell cycle delay for the cell to repair DNA. This function is carried out in conjunction with other proteins that in most cancers are inhibited. The Chk1 alone can not accomplish this DNA check function and cell death of cells with damaged DNA would be the best option to stop tumor growth. Inhibition of Chk1 stops the cell cycle leading it to death 15 . The 3JYA protein is a cytoplasmic Pim kinase that controls programmed cell death by phosphorylation of substrates that regulate apoptosis and the cell metabolism. The pharmacological manipulation of these kinases may be useful for the treatment of various diseases such as cancer, inflammatory diseases and ischemic disorders 16 . In addition to the δ values, druglikeness was used to select the best compounds. A positive value of druglikeness indicates that the molecule contains predominantly fragments which are frequently present in commercial drugs. Summarising the VS results, table 1 shows the binding energy and delta values for ZINC69482333, ZINC01721695 and ZINC01557254 ligands against 1W6M, 2QHN and 3JYA molecular targets.
The binding energy of the complex was determined by three methods, the first one using the AutoDock Vina and the others through Dock6 (Grid and Amber Score Score). This protocol was applied to decrease false positive results. The first filter for elimination of false positive results (δ value) was applied to the results provided by AutoDock Vina program. The Complex 1W6M-ZINC69482333, 2QHN-ZINC01721695, and 3JYA-ZINC01557254 were those with the largest delta values, and therefore were subjected to energy minimization and molecular dynamics calculations. The Table 1 shows that natural compounds can complex with the targets in all methods studied. In order to improve the docking results the free energy of the complex were carried out using AMBER Score implanted in the Dock6 program. The AMBER score implements molecular mechanics simulations with implicit solvent (Generalized Born solvation model17) applying the allatom force field AMBER traditional for all protein atoms and the general AMBER force field (GAFF18) for the ligand atoms. After these calculations it was observed that natural compounds showed a better energy value than those displayed by crystallographic ligands. These results showed that the compounds ZINC69482333, and ZINC01721695 ZINC01557254 can bind the molecular targets 1W6M, 2QHN and 3JYA, respectively.
The intermolecular interactions between ligands and receptors are shown in the figure 3. In the 3D representation the green and pink colour represent hydrogen bond acceptor and donor regions in the binding site, respectively; the green dash lines show hydrogen bonds and hydrophobic interactions. In addition, 2D pharmacophoric map shows van der Waals and electrostatics interactions by green and pink colours, respectively. In this context, the figures 3a, 3c and 3e depict the 3D intermolecular interactions; whereas the figures 3b, 3d and 3f summarize the 2D pharmacophoric map formed by ligands ZINC69482333, ZINC01721695 and ZINC01557254 with the proteins 1W6M, 2QHN and 3JYA, respectively.
In general, in complex 1W6M -ZINC69482333, the electrostatic interaction occurred with Ser1029, Asn1046, Arg1048, His1052 and Glu1071. In addition, van der Waals interactions were carried out with Val1031, His1044, Asn1061, Trp1068 and Gly1069. Furthermore, a pi-stack interaction was formed between amino acid Trp1068 and aromatic moiety of ligand ZINC69482333 in the protein 1W6M protein.
Similar, the intermolecular interaction standard was observed for the interaction between ZINC01721695 and 2QHN. The electrostatic interactions can be observed with Leu15, Glu91. On the other hand, van der Waals interactions were carried out with Gln13, Val23, Ala36, Leu137, Leu84, Glu85, Tyr86, Cys87 (Figure 3c and 3d). Additionally, Figure 2d highlights a hydrogen bond between a water molecule and the ligand. Finally, figure 3e and 3f shows the interactions of ZINC01557254 with the 3JYA molecular target. The electrostatic interaction occurred with Lys76, Val126 and Asp186. Besides, van der Waals interactions were carried out with Leu44, Gly45, Ala65, Ile104, Leu120, Glu124, Asp131, Leu174 and Ile185. Additionally, in Figure 2f possible to visualize the formation of Pi interactions between two amino acids (Leu 44 and Ile185) and 3JYA binding site of the protein). 
Conclusions
Among 473 natural compounds studied using OOMT data base, three of them showed a binding energy profile better than the crystallographic ligands. The calculation of free energy has shown that natural compounds can complex with molecular targets 1W6M, 2QHN and 3JYA. Consequently, new hits were formed in drug discovery context. These findings suggested the respective molecular target for these natural compounds. Further, a ligand optimization process can be initiated as a cycle between semi-synthesis and biological assay improving the anticancer property.
